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Abstract 

Droughts, with their increasing frequency of occurrence, continue to negatively affect livelihoods and elements at risk. For 

example, the 2011 in drought in east Africa has caused massive losses document to have cost the Kenyan economy over $12bn. 

With the foregoing, the demand for ex-ante drought monitoring systems is ever-increasing. The study uses 3-4 precipitation and 

vegetation variables that are lagged over 1, 2 and 3-month time-steps to predict drought situations. In the model space search for 

the most predictive artificial neural network (ANN) model, as opposed to the traditional greedy search for the most predictive 

variables, we use the General Additive Model (GAM) approach. Together with a set of assumptions, we thereby reduce the 

cardinality of the space of models. Even though we build a total of 102 GAM models, only 21 have R2 greater than 0.7 and are 

thus subjected to the ANN process. The ANN process itself uses the brute-force approach that automatically partitions the 

training data into 10 sub-samples, builds the ANN models in these samples and evaluates their performance using multiple 

metrics. The results show the superiority of 1-month lag of the variables as compared to longer time lags of  2 and 3 months. The 

champion ANN model recorded an R2 of 0.78 in model testing using the out-of-sample data. This illustrates its ability to be a 

good predictor of drought situations 1-month ahead. Investigated as a classifier, the champion has a modest accuracy of 66%  

and a multi-class area under the ROC curve (AUROC) of 89.99%.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Drought is a natural disaster that occurs when there is a significant deficit in precipitation compared to the long-term average. It 

impacts society in many ways and has consequences on all components of water-related resources, producing negative 

environmental, economic and social repercussions. A drought is a recurrent event marked by lack of precipitation for extended 

period of times (Morid, Smakhtin & Bagherzadeh, 2007; Bordi et al, 2005) [1,2]. Droughts are one of the most complex and less 

understood disasters, having the greatest impacts on people and usually affecting large regions (Morid, Smakhtin & 

Bagherzadeh, 2007; Ali et al.,2017) [1,3]. Droughts have the types indicated in Figure 1. Common to all types is their slow onset 

and that we have to deal with a gradually progressing phenomena. The progression is characterized by deficiency of 

precipitation, effects on surface to sub-surface water sources, followed by reduced vegetation growth and finally a culmination 

on socio-economic effects on people and livelihoods UNOOSA (2015) [4]. 

II. METHODOLOGY 

 Knowledge Engineering: 

This phase deals with the knowledge engineering part of the system development. It consists of the knowledge acquisition from 

the domain expert, categorization of the knowledge and the representation of the knowledge in form of rules. Each process is 

detailed as follows and depicted in Figure 1 below:  
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Fig. 1: The process flowchart of knowledge engineering phase 

 Knowledge Representation: 

The aim of this phase in the system development is to encode the expert knowledge on drought. This is achieved by the 

formalization of the facts and relationships that constitute the expert knowledge on drought into a machine-readable format. 

Although there exists different methodology for knowledge representation such as ontology, semantic networks, logic 

expressions, casual networks and rules [15]. However, rule-based programming style has become very popular for expert system 

due to astonishing deductive inference performance by combining relatively few rules. The rule base for RB-DEWES contains 

about 32 natural indicators (astronomical observations, meteorological observations, animal behaviors and plant behaviors).  

 Knowledge Categorization:  

Based on the origin of knowledge, distinctions were made in categorizing domain expert knowledge according to its use. The 

knowledge relevant to drought forecasting and prediction was categorized into three types: factual knowledge, control 

knowledge and derivation knowledge [14]. The rules for the RB-DEWES are derived from the derivation knowledge. The 

derivation knowledge was distinguished in physical observation and was detected by a domain expert. 

III. SYSTEM ARCHITECTURE 

 
Fig. 2: System Architecture 

System design is the process of defining the architecture, components, modules, interfaces and data for a system to satisfy 

specified requirements. System design could be seen as the application of systems theory to product development. Object-oriented 

analysis and design methods are becoming the most widely used methods for computer systems design. The UML has become 

the standard language in object-oriented analysis and design. It is widely used for modeling software systems and is increasingly 

used for high designing non- software systems and organizations. The look and feel of content is developed as part of graphic 

design; the aesthetic layout of the user interface is created as part of interface design; and the technical structure of the web 

application is modelled as part of architectural and navigational design. 

 Implementation: 

 Working: 

Running on the Windows PC/Server, at the start of each forecasting (predicting) session, the user is prompted to select a role 

from the GUI to determine the appropriate interface from the three available interfaces – knowledge base editor, data input and 
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output. The user operates the system through the GUI and supplies data using push buttons, radio buttons, drop- down list, text –

field etc. The knowledge base editor interface allows the domain expert to add, edit, and delete rules and other contents in the 

KB and database. The data input interface allows pre-defined observation. After each inference, the DFA information is 

generated as output with attributed CF; indicating the system level of certainty based on users input and rules. After the 

deductive inference from the users’ input, the inferred information is displayed through the output interface. Additionally, 

drought mitigation information stored in the database is displayed to the end-user depending on the severity of the drought. This 

added information could help end-users in adopting the suitable mitigation strategy. Expert system evaluation is the process of 

determining the quality of inferences generated by the expert system [13]. According to [18,19], the process consists of 

verification and validation. Verification ensures the knowledge captured in the system accurate and correctly implement its 

specifications; while validation process involves verifying that a system performs at the satisfactory level of accuracy according 

to system requirement. However, both processes will form the basis of our future work.  

 Software Installation:  

Jupyter requires Python to be installed (it is based on the Python language). There are a couple of tools that will automate the 

installation of Jupyter (and optionally Python) from a GUI. In this case, we are showing how to install  using Anaconda, which 

is a Python tool for distributing software. You first have to install Anaconda. It is available on Windows and Mac 

environments. Download the executable from https://www.continuum.io/ (company that produces Anaconda) and run it to 

install Anaconda. 

IV. DATAFLOW MODEL 

 DFD Level 0:  

A dataflow diagram is a graphical representation of the "flow" of data through an information system, modelling its process 

aspects. A DFD is often used as a preliminary step to create an overview of the system without going into great detail, which can 

later be elaborated. DFDs can also be used for the visualization of data processing. A DFD shows what kind of information will 

be input to and output from the system, how the data will advance through the system, and where the data will be stored. 

 
Fig. 3: Data Flow Diagram Level 0 

 DFD Level 1:  

A level 1 data flow diagram (DFD) is more detailed than a level 0 DFD but not as detailed as a level 2 DFD. It breaks down the 

main processes into subprocesses that can then be analyzed and improved on a more intimate level. 

 
Fig. 4: Data Flow Diagram Level 1 

https://www.continuum.io/
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 DFD Level 2:  

A level 2 data flow diagram (DFD) offers a more detailed look at the processes that make up an information system than 

a level 1 DFD does. It can be used to plan or record the specific makeup of a system. You can then input the particulars of your 

own system. 

 
Fig. 5: Data Flow Diagram Level 2 

V. EXPERIMENTAL RESULTS  

 Unit Testing:  

Unit testing is a software development process in which the smallest testable parts of an application, called units, are individually 

and independently scrutinized for proper operation. Unit testing is often automated but it can also be done manually. The goal of 

unit testing is to isolate each part of the program and show that individual parts are correct in terms of requirements and 

functionality. Test cases and results are shown in the Tables. 
Table – 1 

Unit Testing 1 

Sl # Test Case : - UTC-1 

Items being tested - Power up the Arduino and boot 

Sample Input: - Turn on the Supply 

Expected output: - Arduino Should boot 

Actual output: - Power on test and upload successful 

Remarks: - Pass. 

 Integration Testing:  

Integration testing is a level of software testing where individual units are combined and tested as a group. The purpose of this 

level of testing is to expose faults in the interaction between integrated units. Test drivers and test stubs are used to assist in 

Integration Testing. Integration testing is defined as the testing of combined parts of an application to determine if they function 

correctly. It occurs after unit testing and before validation testing. Integration testing can be done in two ways: Bottom-up 

integration testing and Top-down integration testing. 
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Table - 2 

Integration Testing 2 

 

VI.    CONCLUSIONS 

In this, a system for drought prediction and resource allocation system has been proposed. Comparison between various drought 

indices and prediction models has been done by stating their advantages and disadvantages and finally drought index which is a 

combination of several other drought indices has been proposed and random forest prediction model has been chosen for this 

system. Resource allocation algorithms have been compared and round robin algorithm with dynamic quantum size has been 

chosen. The overall model design has been proposed. Successful implementation of this model will be helpful for people to 

placate the effects of droughts and to optimally allocate resources to benefit the drought prone victims. 

VI. FUTURE WORKS  

This system is used to detect sugarcane diseases using neural networks and perform on device inference. It can be adopted and 

enhanced by using a larger dataset for disease detection in a wider variety of plants. Also system can be enhanced with features 

to track the plant growth continuously. And provide customized suggestions to increase crop yield 
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